INTRODUCTION
============

Alveolar cleft reconstruction using bone graft was first reported by von Eiselsberg \[[@B1]\] in 1901, and Drachter \[[@B2]\] reported such method using tibial bone graft in 1914. Despite these early reports, alveolar cleft did not receive as much attention as did labial and palatal clefts for a time. It was only after World War II that alveolar repair began to appear again in the literature. In 1958, Schrudde and Stellmach \[[@B3]\] reported primary repair of alveolar graft using bone graft in infants. In the subsequent decade, Skoog \[[@B4]\] introduced a method by which he reported successful repair of alveolar defect *via* primary gingivoperiosteoplasty (GPP), albeit without bone graft.

Since the Post-WWII Era, the most commonly used method of alveolar reconstruction has been early primary closure with bone graft. Several decades of primary bone grafts have demonstrated significant disadvantages, and secondary bone graft reconstruction has become a legitimate competing standard. In this context, a number of craniofacial centers continue to repair alveolar clefts primarily (bone graft or GPP) with certain modifications to reduce the incidence of midface retrusion and anterior corssbite.

EMBRYOLOGY
==========

The palate develops from the frontonasal and maxillary prominences between 4 and 12 weeks of gestation. During gestational weeks 4 to 7, the primary palate originates from the median palatine process, which itself originated from frontonasal prominence. The lip, alveolus, and hard palate anterior to the incisive foramen all share this origin in development. During this period, disruptions of palatal development process can result in primary palate clefting.

The secondary palate develops from the lateral palatine processes originating from the maxillary prominences between 7 and 12 weeks, and the hard palate posterior to incisive foramen and the soft palate are developmental products of this process. As such, disruptions during this time will result in secondary palate clefts.

The alveolus is a component of the primary palate, and alveolar cleft results from mal-development of the frontonasal prominence. As such, it is most closely related to cleft lip and cleft palate. Generally, alveolar clefts are located between the lateral incisor and canine \[[@B5]\].

TREATMENT OBJECTIVES
====================

Alveolar cleft repair has both functional and aesthetic restoration as its goals. The functional goal includes closure of nasolabial fistula, creation of a stable and continuous maxillary dental arch, improved support of teeth adjacent of the cleft site, allowance for eruption of teeth into the cleft site, provision of unrestricted orthodontic movement, facilitation of oral hygiene, and speech improvement. Persistent nasolabial fistula will allow chronic nasal regurgitation, which leads to chronic inflammation and nasal discharge.

The aesthetic goal of alveolar cleft repair consists of augmentation of the pyriform region and the creation of a cosmetically pleasing dental arch and dentition. Augmentation of hypoplastic pyriform region can improve alar base support and asymmetry \[[@B6]\].

TIMING OF REPAIR
================

The timing of operative intervention for alveolar cleft is controversial. GPP is usually performed between 3 and 6 months of age. Primary bone grafting is performed between birth and 2 years of age, and the alveolar cleft can be repaired simultaneously with cleft lip or cleft palate repair. Secondary bone grafting can be divided into early, conventional, and late variants. Early secondary repair is commenced after complete eruption of primary dentition and before the eruption of permanent dentition-between 2 to 6 years. Conventional (transitional) secondary repair is performed during the mixed dentition stage between 6 and 12 years. Late secondary (tertiary) repair is performed after eruption of all permanent dentition \[[@B6]\].

GINGIVOPERIOSTEOPLASTY
======================

GPP removed soft tissue barriers against alveolar fusion and uses the gingiovoperiosteal flaps to create a soft tissue tunnel, which is designed to allow bone conduction from both ends of the ridge. While primary GPP was introduced in 1969 by Skoog \[[@B7]\], it was not widely welcomed because of stunted facial bone growth. In 1980, Millard \[[@B8]\] reported the use of Latham appliance in conjunction with GPP. His solution to the problem of stunted facial growth was presurgical orthopedics, periosteoplasty, and lip adhesion \[[@B8]\]. The active mechanical presurgical approximation of the alveoli did reduce the need for subperiosteal dissection but was associated with maxillary vertical growth disturbance (40%-42%) and cross bite (100%).

Subsequent to this, Grayson et al. \[[@B9]\] reported a more passive molding process using nasoalveolar molding, and this method has been widely adopted as a presurgical orthodontic alignment method prior to GPP repair of alveolar clefts.

In GPP, the roof is created using the nasal flaps with the floor creating using the oral flaps. The anterior lower wall is created with labial flaps and the anterior superior wall is created with the lip mucosa. Thus, the chamber is sealed nasally, orally, and labially by mucoperiosteal flaps.

GPP for alveolar cleft has the advantage of not requiring a secondary bone graft, but can induce iatrogenic facial growth restriction and malocclusion. According to the 1999 study from the New York University (NYU) group, GPP was able to induce bone growth in 80 % of cases but still required secondary bone graft in 40% of patients \[[@B10]\]. This need for secondary bone graft was replicated in a study out of Chang Gung Memorial Hospital, in which 28% of patients required secondary bone graft \[[@B11]\]. In 2008, Matic and Power \[[@B12]\] had reviewed various methods of alveolar repair patients using objective scales. The authors reported that the secondary bone graft-only management was superior to GPP with or without secondary bone graft, and observed that bone formation was lesser quality and in poorer location in patients who received GPP-only management. However, Sato et al. \[[@B13]\] compared the same methods of alveolar graft repair using Long\'s rating scale and found that their experience did not agree with that of Matic et al. These authors reported that GPP-alone was associated with highest rate of success and that secondary bone graft alone was associated with the worst outcomes \[[@B13]\]. Thus, outcomes following GPP remains controversial.

The NYU group reported that GPP was not associated with adverse effect on facial growth \[[@B14]\]. However, Hsieh et al. \[[@B15]\] was able to detect 2.1 and 2.9 mm of deficiencies in sagittal maxillary and maxillary alveolar lengths, respectively. Matic and Power \[[@B12]\] reported that maxillary vertical height was best in patients who had received salvage bone grafting after failed GPP. To evaluate such discrepancy in GPP outcomes, rodent model experiements are underway, using recombinant human bone morphogenetic protein (rhBMP) and other novel approaches to inducing bone conduction \[[@B16]\].

PRIMARY ALVEOLAR BONE GRAFTING
==============================

The purpose of primary bone graft is to close the nasobuccal or perialveolar fistula at an earlier age, to promote closure of primary palatal cleft, and to elevate alar floor to assist in lateral soft tissue growth. The contemporary approach of primary bone graft repair uses Rosenstein and Dado protocol, in which presurgical orthognathics prevents medial migration of the buccal segment. The lip cleft is repaired 6 to 8 weeks of age, and appropriate tension in muscle repair helps with alveolar molding. After the labial repair, the passive palatal appliance is used to prevent alveolar collapse. The alveolar segments are either allowed to come into contact with each other or are separated by 1 to 2 mm. Primary bone graft is performed around 4 to 5 months of age.

Source of bone graft material
-----------------------------

Rib bone is used as a donor graft in Rosenstein\'s primary bone grafting protocol. Possible complications include bone resorption, atelectasis, pneumothorax, scarring, and persistent pain. Other investigators have reported difficulties with dental movement and eruption during orthodontic treatment.

Surgical procedure
------------------

The sixth rib is exposed *via* a 3-cm skin incision. The periosteum is incised in an H-shaped fashion, and the bone is harvested through this window. The bony gap at the donor site spontaneously regenerates in few weeks. The harvested rib is split into anterior and posterior halves, of which the posterior half is pulverized.

The posterior lining is repaired using mucoperiosteal flaps and the rib strut is fitted into the cleft space. The bone fragments are then filled into the empty space. The buccal mucosa is mobilized inferiorly in a V shape, and the posterior lining and inferior edges are sutured together. The remaining mucosa is sutured to the anterior edge.

Rosenstein et al. \[[@B17]\] has reported good arch form and minimal cross bite in a long-term follow up of patients who have undergone primary bone repair. These patients demonstrated neither inhibition of facial growth nor evidence of maxillary segment collapse. Approximately 22% of patients from that series required orthognathic operation, which is similar to the 25% figure reported by Ross \[[@B18]\].

CONCLUSION
==========

Depending on the timing of surgical intervention, alveolar cleft has been managed with various methods. GPP continues to require further evaluation of the outcomes. Primary bone graft stabilizes the dental arch at an earlier age and induces tooth migration and eruption. Facial growth attenuation had prevented widespread adoption. Certain craniofacial centers have modified primary bone graft repair. The studies coming out of these centers found that no significant difference exists in facial growth attenuation between their modified method and secondary bone grafting, and also reported that primary bone grafting can promote solid foundation for further soft tissue growth. Primary bone graft is best performed after labial but prior to palatal repair, around 4 to 5 months, and presurgical palatal appliance can increase the rate of successful alveolar alignment. A review of the alveolar cleft literature is ambivalent on whether GPP or primary bone graft provides advantages over secondary bone graft. Further research is needed to further develop a more appropriate method of alveolar cleft treatment.
